Our current paradigm for treating coronary artery disease (CAD) focuses on improving symptom status and correctly risk stratifying patients. Patients with severe symptoms, especially those with symptoms refractory to medical therapy, are candidates for percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) to enhance quality of life. This issue generally does not apply to patients who are asymptomatic or have only mild symptoms (acknowledging that some patients who are mildly symptomatic will become asymptomatic following successful PCI or CABG). In these patients, the major issue to address is accurate risk stratification. The identification of any CAD can determine the intensity of treatment of risk factors, and the identification of severe (left main or 3-vessel) CAD can lead to consideration of CABG for improving survival.
Selected subsets of patients who can be identified as those with higher risk on the basis of simple clinical characteristics theoretically might benefit from more aggressive risk stratification. Patients with diabetes represent such a higher-risk patient subset. Some form of heart disease or stroke accounts for 65% of deaths in diabetic patients. 1 The CAD mortality rates in diabetics without clinically evident CAD have been reported to be as high as mortality rates in non-diabetics with established CAD, 2, 3 leading to the designation of diabetes as a ''CAD risk equivalent.'' 4 In 2000, there were an estimated 171 million patients with diabetes worldwide, and this number is projected to increase to 366 million by the year 2030. 5 Performing accurate risk stratification in asymptomatic or mildly symptomatic diabetic patients is an important health priority. 6, 7 Several studies applying a retrospective approach have examined the value of screening stress single photon emission computed tomography myocardial perfusion imaging (SPECT MPI) in primarily asymptomatic diabetic patients. [8] [9] [10] [11] [12] [13] These studies reported a high yield of abnormal tests, ranging between 25% and 50%. SPECT MPI has also been shown to risk stratify these populations. However, a concern that has emerged from stress imaging studies in patients with diabetes (symptomatic or asymptomatic) is the inability to identify a true low-risk population.
14 Annual cardiac death or myocardial infarction (MI) rates in retrospective studies of diabetic patients with normal or low-risk SPECT MPI scans were in the range of 2-3%, higher than the average annual hard event rate of 0.6% reported in general patient populations with normal or low-risk images. 15 The Detection of Ischemia in Diabetics (DIAD) study represents the only prospective study designed to examine the nonselective application of stress SPECT MPI in asymptomatic diabetic patients. 16 In contrast to the retrospective studies, patients enrolled in DIAD represented a substantially ''healthier'' population of asymptomatic diabetic patients. Only 16% of the patients randomized to the imaging arm had abnormal SPECT MPI, including just 1% with defects [10% of the left ventricle. The DIAD 5-year outcome has been recently published. 17 The annual hard cardiac event rate was surprisingly low at 0.69%. Despite the low event rate, stress SPECT MPI was able to risk stratify the population. The only other large prospective study to screen asymptomatic diabetic patients for CAD using stress SPECT MPI was performed by Anand et al. 18 Their study design employed a step-wise strategy, whereby all the patients underwent CT calcium scoring followed by stress SPECT MPI in those with Agatston scores [100. The yield of abnormal scans was 32%, higher than in DIAD. Although the number of events was small (11 hard events during median follow-up of 2.2 years), SPECT MPI was effective for risk stratification in this study also.
The MERIDIAN trial 19 represents the first prospective study to compare the outcomes of type II diabetic patients with mild stable angina (Canadian Cardiovascular Society I-II) and reversible SPECT MPI defects randomized to medical therapy alone vs an early invasive strategy. The main MERIDIAN trial was terminated prematurely because of slow recruitment, an altogether unfortunate obstacle encountered in many randomized trials in the current era. The premature termination of the trial resulted in inadequate statistical power to test the original study hypothesis.
In this issue of the Journal, Wiersma et al. 20 report the results of a sub-analysis of the MERIDIAN study. They examined the prognostic value of stress SPECT MPI in 319 patients screened for enrollment into the trial. The yield of testing was high, with perfusion defects being present in 65% of patients, including 46% with reversible defects. A breakdown of test results by the summed difference score (SDS) revealed no ischemia (SDS \ 3) in 54%, moderate ischemia (SDS 3-7) in 26%, and severe ischemia (SDS C 8) in 20%. During a mean follow-up of 2.2 ± .6 years, there were 14 initial hard cardiac events (6 deaths and 8 non-fatal myocardial infarctions). Annual event rates according to SDS categories were 0.8% for no ischemia, 1.5% for moderate ischemia, and 5.8% for severe ischemia (statistically significant differences).
The MERIDIAN study investigators are to be congratulated for publishing these data. They were unable to address their original study hypothesis, but they have assimilated the available generated data into a clinically meaningful manuscript. Although this study was performed as a post-hoc data analysis, it represents the first prospective assessment of the prognostic value of stress SPECT MPI in mildly symptomatic diabetic patients. From the standpoint of nuclear imaging, the most positive aspect of this study is that SPECT ischemia could effectively and accurately risk stratify these diabetic patients.
Additional results from this study, however, demonstrate the limited value of SPECT imaging for risk stratification in this population. The clinical model that predicted events contained two variables: insulin use and previous MI. The stronger variable was insulin use, which has been shown to be an independent prognostic variable in other studies. 21 , 22 The global v 2 of the clinical model was 128.2 with a C-index of 0.74. The addition of the variable severe ischemia (SDS C 8) to the clinical model resulted in a multivariable model with a significantly higher global v 2 139.58 (P \ .001) and a moderately high C-index of 0.84. As the authors acknowledge, this 3-variable model may have been overfitted since it was based on only 14 events and should be, therefore. considered exploratory. Although the statistically significant increase in the model v 2 with the addition of SPECT ischemia to the clinical variables represents a positive finding, this analysis fails to indicate how many patients were correctly reclassified by the application of SPECT MPI. Unfortunately, Wiersma and colleagues did not perform a data analysis approach known as the net reclassification index (NRI). 23 The NRI can reveal how many patients are correctly reclassified by the use of a test and should be performed in prognostic studies that apply incremental statistical modeling. Clinicians can more readily appreciate changes in the number of patients who are correctly reclassified compared to the more abstract concept of changes in statistical model v 2 values. Given the fairly modest increases in the model v 2 values and C-indices and the small number of events, SPECT MPI in this study likely resulted in the correct reclassification of very few patients. More often than not, SPECT MPI results in favorable reclassification to event-free status following low risk results, and these results would likely be similar in the MERIDIAN trial.
It is interesting to compare the results of this study to the DIAD trial. The yield of testing was substantially higher in the present study (65% perfusion defect, 20% large ischemic defect) than in DIAD (16% perfusion defect, 1% large defect). The event rate was also higher in this study (annual death/MI approximately 2%) than in DIAD (.69%). There were several differences in clinical variables that identified the DIAD patients as lower risk rather than just the simple difference in symptom status (asymptomatic vs mildly symptomatic) between these two study populations. The DIAD study excluded patients with a prior history of CAD or abnormal ECG. In contrast, among patients screened for the MERIDIAN trial, 29% had prior MI, 27% prior PCI, 18% prior CABG, and 50% ECG abnormalities. In addition, the MERIDIAN patients were older than those in DIAD (mean age 65 years vs 60 years) and included more males (63% vs 53%). The duration of diabetes was similar between the two studies (8 years), but more MERIDIAN patients used insulin (38%) compared to DIAD patients (22%).
What do these data from the MERIDIAN trial add to the published literature? Their major value is the demonstration of the accuracy of SPECT imaging for risk stratification in a prospectively identified patient population. This study along with the DIAD study 16 and the study of Anand et al. 18 are the only studies that have examined the prognostic value of SPECT in prospectively identified populations of diabetic patients. These prospective studies are not as influenced by patient selection bias, a significant limitation of studies performed using a retrospective study design. In both this study and DIAD, SPECT MPI accurately identified low-risk patients whose annual hard event rate was \1%, in contrast to the studies performed using a retrospective study design. The major limitation of these prospective studies has been the failure to identify a large enough high-risk subset of patients to justify the widespread use of SPECT for risk stratification purposes in asymptomatic or mildly symptomatic diabetic patients. Although identifying the presence of any CAD in general patient populations can be useful to gauge the aggressiveness of risk factor modification, national guidelines currently recommend more aggressive treatment of lipids 4 and blood pressure 24 in diabetic patients simply on the basis of diabetes status and not on whether CAD is present or absent. The major goal of noninvasive testing in diabetic patients should be to identify those with high-risk anatomical CAD. In the BARI trial, which enrolled primarily severely symptomatic diabetic patients with multivessel CAD, CABG resulted in better survival rate than PCI. 25 Non-randomized data have shown that asymptomatic diabetic patients with severe perfusion defects by stress SPECT also have better survival rate when treated with CABG than with PCI or medical therapy alone. 26 A test being applied primarily for risk stratification purposes should meet the following criteria: (1) the identification of a fairly large number of high-risk patients in the population being tested; (2) the use of a different treatment strategy in these high-risk patients, which they would not have otherwise received if not for the results of the test; and, (3) an improvement in outcome in the high-risk subset because of the different treatment strategy. The broad use of SPECT MPI in all asymptomatic or mildly symptomatic diabetic patients is unlikely to represent a viable approach. The ongoing challenge for future studies of SPECT MPI in these patients for risk stratification purposes will be to target an enriched subset of higher risk diabetic patients in whom this approach will be cost effective.
